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Indian Standard 

SPECIFICATION FOR 

FIXED CAPACITORS USED IN 

ELECTRONIC EQUIPMENT 

(First Revision) 

0. FOREWORD 

0.1 This Indian Standard ( First Revision ) was adopted by the Indian 
Standarxis Institution on 12 June 1984, after the draft finalized by the 
Capacitors Sectional Committee had been approved by the Electronics 
and Telecommunication Division Council. 

0.2 The object of this standard is to lay down the general requirements and 
uniform test procedures applicable to large families of capacitors so that 
unnecessary variations in the individual standards covering different types 
of capacitors are avoided. It is realized that such a step will enable 
uniform description of the characteristics of the capacitors by the 
manufacturers as well as user. 

0.3 In this standard, procedures for testing the characteristics of different 
families of capacitors, have been given. Not all these test procedures will 
be applicable to all the capacitors. In the individual capacitor specification 
reference to the applicable tests will be made in addition to specifying 
specific values for the different characteristics and any additional 
requirements and tests pertinent to that type of capacitors. 

0.4 This standard was originally published as IS : 7305 ( Part 1 ) - 1973 
and was largely based on lEC Publication 3844 (1972) Fixed Capacitors 
for use in Electronic Equipment : Part 1 Terminology and methods of 
tests, issued by the Intenational Electrotechnical Commission (lEC). The 
standard is now being revised to bring it in line with the latest edition of 
the lEC Publication. 

OAl It was earlier envisaged to prepare this standard as a series with 
Part 1 covering General requirements for all types of fixed capacitors and 
subsequent parts covering general requirements of different types of 
capacitors. However, it has now been decided to bring out general 
requirements and methods of tests for different families of capacitors 
depending on type of dielectric used, under different IS numbers. As such 
this standard is being designated as IS : 7305 and Part II of this standard 
has also been re-designated as IS : 10825 ( Part I ) - 1975. 
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0.5 Appendix A of this standard gives endurance test to cover capacitors 
imder pulse conditions. 

0.6 While preparing this standard assistance has been derived from the 
following : 

lEC Pub 384-1 (1982) — Fixed capacitors for use in electronic equip- 
ment. Part 1 Generic specification. The International Electrotechnical 
Commission (lEC). 

JSS 50 200 General requirements for capacitors, fixed. Directorate of 
Standardization, Department of Defence Production, Ministry of 
Defence, New Delhi. 

OJ For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expres- 
sing the result of a test, shall be rounded off in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded off 
value should be the same as that of the specified value in this standard. 



1, SCOPE 

1.1 This standard covers the general requirements and tests applicable 
to different types of fixed capacitors, having reactive power rating less 
than 200 VAr, intended for use in electronic and other similar equipment. 

2, TERMINOLOGY 

2.1 For the purpose of this standard following terms and definitions in 
addition to those given in IS : 1885 (Part 45 )-l977t shall apply. 

2.2 Terms Related to Pulse Testing of Capacitors 

2,2.1 Rated ac Load — The rated load (ac) is the maximum ac which 
may be applied continuously to the terminals of a capacitor at any tempera- 
ture between the lower category temperature and the rated temperature. 
It may be expressed as : 

a) at low frequencies a rated voltage ( U'k ), 

b) at high frequencies a rated current ( /'r ), and 

c) at intermediate frequencies a rated VAt or power dissipa- 
tion (P'r). 



*R\ilea for rounding off numerical values ( uvis$d ) . 
tElectrotechnical vocabulary : Part 45 Capacitors. 
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This is shown diagramatically in the figure 




FREQUENCY 



NoTS I — For a particular type of capacitor it may be necessary to specify 



one or 



more of the above. 

Note 2 — Capacitors within the scope of this specification arc normally less than 
500 VA,. at 50 Hz. Low frequencies may be 50, 100 or 400 Hz. Voltages may be up to 
600 V at 50 Hz. However, capacitors for filters, transmitter or converter circuits may 
be required to operate under power over a wide range of frequencies and at up to 10 
kVAr at the higher frequencies. Voltages may be up to 1 000 Vrms. 

2.2.2 Pulse Rated Load — The pulse rated load is the maximum load 
which may be applied at a certain pulse repetition frequency to the 
terminals of a capacitor at any temperature between the lower category 
temperature and the rated temperature.lt may be expressed by (a), (b) 
and any of the remaining items : 

a) peak current per ^F or — 7- V//iS; 

b) relative duration of charge and discharge periods; 

c) rms current ( /"r ); 

d) peak voltage ( ^'r ); 

e) peak reverse voltage; 

f) pulse repetition frequency {prf) {see Note ); and 

g) maximum permitted power dissipation (P'r ) or temperature 
rise ( where applicable ). 

Note — In the case of intermittent pulses the duty cycle shall be specified. In the 
case of random pulses the total number expected over a given time period shall be 
stated. 

2.2.3 Pulse rms Current — This pertains to the square root of the average 
of the squares of the values of the magnitude. If the magnitude takes in- 
discrete values ( mj ) its rms value is : 



rmi 



[(-f)!-^] 



\ 



i=i 
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If the magnitude is a continuous function of time m (t) its rms value is 



[-u^)h'^'^'^J 



h 

The summation or the integral extends over the internal of time 
for which the rms value is desired or, if the function is periodic, over any 
integral number or periodic repetition of the function. In the case of 
intermittent or random pulses the time interval shall be chosen to corres- 
pond with the maximum temperature rise. 

2.2.4 Pulse Equivalent Circuit of a Capacitor — For practical purposes 
the pulse equivalent of a capacitor is resistance in series with capacitance 
together with its residual inductance. 

Note — The equivalent series resistance shall be similar to but not identical with 
the ESR measurement under sine wave (analog) conditions. The pulse ESR shall 
take into account the series of harmonics in the pulse and the variation of the losses 
at these frequencies. 

2.2.5 Temperature Rise — The rise of temperature of the capacitor 
relative to the external ambient resulting from the losses in it due to 
operation under ac or pulse conditions, 

2.3 Minimum Storage Temperature — The minimum permissible ambient 
temperature which the capacitor shall withstand in the non-operating con- 
dition without damage. 

Note — ^The maximum permissible storage temperature is equal to the upper cate- 
gory temperature. 

2.4 Visible Damage — Damage which reduces the usability of the capa- 
citor for its intended purpose. 

2.5 Type — A group of capacitors having similar design features and the 
similarity of whose manufacturing techniques enables them to be grouped 
together either for type test or for acceptance tests. 

Note — Capacitors described in several detail specifications, may, in some cases, 
be considered as belonging to the same type and may therefore be grouped together 
for type and acceptance tests. 

2.6 Style — A sub-division of a type, generally based on dimensional 
factors. A style may include several variants, generally of a mechanical 
order. 

2.7 Grade — A term to indicate additional general characteristics concern- 
ing the intended apphcation for example, long life applications. The 
term 'Grade' may only be used in combination with one or more words 
( for example long life grade ) and not by a single letter or number. Figures 
to be added after the term 'Grade' should be numerals, 

8 
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2.8 Type Tests — Tests carried out to prove conformity with the require- 
ments of the standard. These are intended to prove the general quality 
and design of a given type of capacitor. 

2.9 Acceptance Tests — Tests carried out on samples selected from a lot 
for the purpose of acceptance of the lot. 

2.9.1 Lot — All capacitors of the same category and rating, manufactur- 
ed by the same factory and during the same period. 

2.10 Routine Tests — Tests carried out on each capacitor to check the 
requirements M^hich are hkely to vary during production. 

3. DESCRIPTION AND CODE 

3.1 The description of the type of the capacitor may be in the form of a 

f , ^ ' . ,. » , , , ^ XX XX as follows : 

four character code, consistmg of alphabets ~p -^ — 

Group 1 — FC — Fixed capacitors 
Group 2 — AL — Aluminium electrolytic 

CG — Ceramic, general purpose 

CM — Polycarbonate, metallized 

CT — Ceramic, temperature compensating 

FT — Foil, tantalum 
MA — Mica 

PC — Polycerbonate 

PE — Polyester 

PP — Polypropylene 

PS — Polystyerene 

PM — Polyester, metallized 

ST — SoUd tantalum 

Further each type may have different styles indicated by 1,2, 3, etc. 
after the above four digits. 

4. CLIMATIC CATEGORIES 

4.1 The climatic categories shall be as specified in the relevant specification. 

5. RATINGS 

5.1 Rated Capacitance — The values of the rated capacitance shall be 
suitably chosen from IS : 824-1965*. 

5.2 Tolerance on Rated Capacitance — The tolerance on the rated capaci- 
tance shall be stated in the relevant specification. 



♦Preferred values for resistors and capacitors ( revised )f 
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5.3 Rated Voltage — Unless otherwise specified in the relevant specifica- 
tion, the values of rated voltages shall be chosen from basic R 5 series with 
intermediate values, if necessary, chosen from R 10 series given in 
IS : 1076-1967*. 

Note — Any qualification such as superimposed ac, its limiting value, etc should be 
specified in the relevant specification. 

5.4 Rated Temperature — The maximum ambient temperature at which the 
rated voltage may be continuously applied. 

6. CONSTRUCTION AND WORKMANSHIP 

6.1 Construction 
6.1.1 Terminals 

6.1.1.1 Unless otherwise specified, the terminals shall either be in the 
shape of tags or wires, and so coated as to be easily solderable. 

6.1.1.2 The capacitors shall have the wire terminals of length stated 
in the relevant specification. 

6.1.1.3 The preferred nominal diameters of basic wires (untinned) 
used for terminations shall be in accordance with the following: 

0'30, 0-40, 0-50, 0-60, 070, 0*80, 0*90, 1*00, and 1*20 mm. 

6.1.1.4 Each strip"* termination shall have a minimum cross-sectional 
area of 0*40 mm^ with a maximum width of M mm. 

6.2 Finish — Unless otherwise specified, all exposed materials liable to 
deterioration in moist or other corrosive atmosphere shall be given suitable 
finish. 

6.3 Workmanship — All parts shall be manufactured in a thoroughly 
workmanlike manner and in accordance with good engineering practice. 

7. MARKING 

7.1 The items to be marked on the capacitor shall be stated in the relevant 
specification. 

Note — If coded marking of values and their tolerances by means of letters and 
digits are used, it shall be in accordance with IS : 8I86-1977t. 

7.2 The marking shall be such as not to become illegible while in storage 
and during service through reasonable handling. 

•Preferred numbers ( first rtvision ) . 

fMarking codes for values and tolerances of resistors and capacitors. 

10 
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7.3 The capacitors may also be marked with the IS! Certification Mark. 

Note — The use of the ISI Certification Mark is governed by the provisions of 
the Indian Standards Institution ( Certification Marks ) Act and the Rules and Regu- 
lations made thereunder. The ISI Mark on products covered by an Indian Standard 
conveys the assurance that they have been produced to comply with the requirements 
of that standard under a well-defined system of inspection, testing and quality control 
which is devised and supervised by ISI and operated by the producer. ISI marked 
products are also continuously checked by ISI for conformity to that standard as a 
further safeguard. Details of conditions under which a licence for the use of the ISI 
Certification Mark may be granted to manufacturers or processors, may be obtained 
from the Indian Standards Institution. 

8. TESTS 

8.1 Classification of Tests 

8.1.1 Type Tests — The type tests shall be as stated in the relevant 
specification. The procedure for the approval of the type shall be in accor- 
dance with IS : 2612-1965*. 

8.1.1.1 Number of samples — The number of samples shall be given 
in the relevant specification. 

8.1.2 Acceptance Tests — The acceptance tests shall be carried out on a 
limited number of samples selected in accordance with the sampling plan 
given in IS : 2612-1965* and which have passed the routine tests. The 
acceptance tests shall be stated in the relevant specification. 

8.1.3 Routine Tests — The routine tests that should be carried out on 
all components shall be as specified in the relevant specification. 

8.2 General Conditions for Tests 

8.2.1 Atmospheric Conditions for Tests — Unless otherwise specified, all 
tests shall be carried out under standard atmospheric conditions for testing 
as specified in IS : 9000 (Part 1 )-1977t. 

8.2.2 Preconditioning — Before measurements are made, the capacitors 
shall be stored at the measuring temperature and relative humidity for 
sufficient time to allow the entire capacitor to reach these conditions. The 
recovery period prescribed after climatic conditioning is adequate for this 
purpose. 

8.2.3 Corrections to be Applied — When measurements are made at 
temperature other than the specified temperature, the result shall, where 



♦Recommendation for type approval and sampling procedures for electronic 
components. 

tBasic ^environmental testing procedures for electronic and electrical items : 
Part 1 General. 
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necessary, be corrected to the specified temperature. The ambient tempe- 
dature during the tests shall be stated in the test report. In the event of a 
rispute, the measurements shall be repeated using a standard reference 
temperature and such other conditions as are prescribed in this specifi- 
cation. 

Where tests are conducted in a sequence the final measurements of 
one test may be taken as the initial measurements for the succeeding test. 

8.2.4 Recovery Conditions — Unless otherwise specified recovery shall 
take place under the standard atmospheric conditions for testing. If 
recovery has to be made under closely controlled conditions, the standard 
recovery conditions of 3.4.3 of IS : 9000 (Part 1)-1977*, shall be used. 

Unless otherwise specified in the relevant specification a duration of 
1 to 2 hours shall be used. 

8.2.5 Drying — Where drying is called for in this standard and unless 
otherwise specified in the relevant specification, the capacitor shall be 
conditioned, before measurement is made, for 96 ± 4 hours in a dry oven 
at a temperature of 55 ± 2*'C and a relative humidity not exceeding 20 
percent. The capacitor shall then be allowed to cool in a desiccator using 
a suitable desiccant, such as activated alumina or silica gel and shall be 
kept therein from the time of removal from the oven to the beginning of 
the specified tests. 

Note 1 — In cases where dry heat severity is lower thaa 55**G, the drying shall be 
carried out at that lower temperature. 

Note 2 — Storage at 55° C may cause a change in the properties of the dielectric 
with consequent change in the capacitance readings, 

8.2.6 Method of Test or Measurement — The method used initially for 
any test or measurement and the equipment used shall, unless otherwise 
specified, be used for all subsequent applications of that test or measure- 
ment. In addition, for all capacitance measurements, the disposition of the 
capacitors under test and their connecting leads shall be, as far as possible, 
identical. 

8.2.7 Precautions — During measurement, the capacitors shall not be 
exposed to draughts, direct sun rays or other influences likely to cause 
error. The capacitors shall be discharged through a proper discharge 
resistor. 

8.3 Electrical Tests 

8,3,1 Voltage Proof — The test, prescribed below, is a dc test. When 
the relevant specification prescribes an ac voltage proof test, the same test 
procedure shall be used except that an alternating voltage shall be applied 
in place of a direct voltage, 

♦Basic environmental testing procedures for electronic and electrical items : Part I 
General. 
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8.3.1.1 An example of a suitable test circuit is given in Fig. 1. 

Note — The capacitor Cx may be omitted for certain types of capacitors. This 
should be stated in the relevant specification. 

8.3.1.2 The resistance of the voltmeter shall be not less than 10 kQ/V. 

8.3.1.3 The resistances R^ and R^ shall be chosen so that in conjunc- 
tion with the capacitance Ci and the capacitance of the capacitor under 
test, the charging and discharging currents do not exceed the specified 
value at the highest voltage. The capacitance of Ci shall be at least 10 
times the capacitance of the capacitor under test. 

8.3.1.4 The switch shall be coimected to jRg. The two terminals a and b 
shall be connected to a variable dc supply to sufficient power which shall 
be adjusted to the required test voltage. The capacitor to be tested Cx 
shall be connected as shown. 

The switch shall then be connected io Rxsotlmtthc csLpsLcitors Ci 
and Cx are charged. 




Fig. 1 Suitable Circuit for the Voltage Proof Test 

The switch shall remain in this position for the time specified after 
the test voltage has been reached. The capacitor shall be discharged by 
connecting the switch to i^2- As soon as the voltmeter reading has fallen 
to zero the capacitors shall be short-circuited and Cx shall be disconnected. 
8.3.1.5 The test shall be made at successive points of apphcation as 
specified in Table 1. 
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TABLE 1 TEST POINTS 

(Clausts8,3A.b, 8.3.1.9, 8.3.6.3 and 8.3.6.6) 



Test 



Main Test 
Point 



Single Section 
Capacitors 



Multiple Section 
Capacitors Ha vino 
A Common Termination 
FOR All Section 



Multiple Section 
Capacitors Having 
No Common 
Termination 



V2 

s 

o 



oe 



(1) 



(2) 



(3) 



(4) 



(5) 



Between 

termination 



Internal 
insulation 



A — Between 
terminations 

B — terminal to 
case or section 
to section 



External 
insulation 



External 
insulation 



-i) Insulated 
case to termi- 
nations 



-ii) Insulated 
metal case to 
metal plave 
or foil 



Between terminations 



Between terminations 
connected together and 
the case (except where 
the case is one termina- 
tion) (metal cased types 
only) 



Between terminations 
conneted together and 
the metal plate or foil 
(insulated types not 
employing metal cases) 

Between case and the 
metal plate or foil (in- 
sulated metal cased types 
only) 



Between each of the 
terminations and the 
common termination 

Between all terminations 
connected together and 
the case (except where 
the case is one of the 
terminations) (metal 
cased types only) 

Between the non-common 
termination of each 
section and all the other 
terminations connected 
together 

Between all terminations 
connected together and 
the metal plate or foil 
(insulated types not 
employing metal cases) 

Between case and the 
metal plate or foil (insula- 
ted metal cased types 
only) 



Between terminations of 
each section 



Between all terminations 
connected together and 
the case (metal cased 
types only) 



Between the terminations 
of separate sections, the 
two terminations of each 
section being connected 
together 

Between all terminations 
connected together and 
the metal plate or foil 
(insulated types not 
employing metal cases) 

Between case and the 
metal plate or foil 
(insulated metal cased 
types only) 
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8*3*1.6 For test points B and C ( see Table 1 ) when the case of the 
capacitor is non-metallic or when the capacitor has a metallic case with an 
insulating sleeve, the test voltage shall be applied in one of the three 
following ways: 

a) A metal foil shall be closely wrapped around the body of the 
capacitor to within a distance from the terminations equal to 
approximately 1 mm/kV test voltage with a minimum 0*5 mm. 
The test voltage shall be applied between the terminations 
connected together and this foil. 

b) The capacitor shall be mounted in its normal manner on a metal 
plate, which extends at least 12*5 mm beyond the mounting face 
of the capacitor in all directions; the test voltage shall be apphed 
between the terminations connected together and this foil. 

c) The capacitor shall be clamped in the through of a 90* metallic 
V-block of such size that the capacitor body docs not extend 
beyond the extremities of the block. The clamping force shall be 
such as to maintain adequate contact between the capacitor and 
the block. The terminations shall be so positioned that the distanco 
between the terminations and any point of the V-block is not 
less than: 

i) for cylindrical capacitors: the radius of the capacitor body minus 
the radius of the circumscribed circle of the terminations (the 
larger circle when the two terminations have diflFerent dimen- 
sions); and 

ii) for rectangular capacitors : half the smaller side of the capacitor 
body minus the radius of the circumscribed circle of the termi- 
nations (the larger circle when the two terminations have diflFer- 
ent dimensions). 

Any out-of-centre positioning of the termination at its emergence from 
the capacitor body shall be ignored. 

8.3.1.7 Rate of voltage applied— The voltage shall be steadily increased 
from zero to the proof value at a rate of approximately 500 V{( nns or do )/s, 
unless otherwise specified. The proof voltage shall be maintained for a 
period of 1 minute ± 5 seconds, unless otherwise specified. Where dc proof 
voltage is specified the ripple content shall not exceed 5 percent rms of the 
proof value. When required, a suitable current limiting device shall be used 
to limit current surges to the value specified. Upon completion of the test, 
the proof voltage shall be gradually reduced to avoid voltage surges. 

8.3.1.8 Repeated application of the voltage proof test may caase per- 
manent damage to the capacitor and should be avoided as far as possible. 

8.3.1.9 The relevant specification shall prescribe: 
a) the test voltage and test points ( see Table 1 ) ; 
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b) the method of applying the test voltage (either a, or b or c of 
8.3.1.6); 

c) the duration of the test ; 

d) the maximum charging and discharging current ; and 

e) when applicable, the maximum value of time constant 

8.3.1.10 There shall be no sign of breakdown or flashover during the 
test period. 

8.3.2 Capacitance 

8.3.2.1 The capacitance shall be measured at one of the following 
frequencies unless otherwise pi escribed by the relevant specification: 

Electrolytic capacitors; 100 Hz 

Metallized film 



dielectric capacitors 


< ImF 

> 1 juF 


IkHz 
50 Hz 


Plastic film dielectric 






capacitors 


< 1/iF 


IkHz 




> lf.F 


100 Hz 


Other capacitors 


< 1 nF 


100 kHz or 1 MHz 

(1 MHz shall be reference) 




> 1 nF but < 10 /iF 1 kHz or 10 kHz 

(1 kHz shall be reference) 




> 10 ^iF 


100 Hz 



Note 1 — The measuring voltage shall not exceed 3 percent of t/B or 5V, which- 
ever is the smaller, unless otherwise prescribed in the relevant specification. 

Note 2 — The tolerance on frequencies shall be ± 10 percent. 

^.3.2.2 The accuracy of the measuring equipment shall be such that 
the error does not exceed: 

a) for absolute capacitance measurements : 10 percent of the rated 
capacitance tolerance or 2 percent absolute, whichever is the 
smaller; 

b) for measurement of variation of capacitance : 10 percent of the 
specified maximum change of capacitance. 

In neither of cases (a) and (b) need the accuracy be better than the 
minimum absolute measurement error for (example 0*5 pF) prescribed 
in the relevant specification. 
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8.3,2.3 The relevant specification shall prescribe; 

a) the temperature for measurement if other than the standard 
atmospheric conditions for testing; 

b) the frequencies for measurement and the capacitance ranges over 
which they apply, if different from those specified in 8.3.2.1 ; 

c) the absolute measurement error, when applicable (for example, 
0-5 pF) ; 

d) measuring voltage if different from those specified in 8.3.2.1 ; and 

e) the applied polarizing voltage, when applicable. 
8.3 J Tangent of Loss Angle 

8.3.3.1 The tangent of the loss angle shall be measured, under the same 
conditions as those given for the measurements of capacitance at one or 
more frequencies taken from the list of frequencies specified in 8.3.2.1, 
as required in the relevant specification. 

8.3.3.2 The measuring method shall be such that the error does not 
exceed 10 percent of the specified value or 0*000 1 whichever is greater. 

8.3.4 Leakage Current 

8.3.4.1 Before this measurement is made, the capacitors shall be fully 

discharged. 

8.3.4.2 The leakage current shall be measured, unless otherwise pres- 
cribed in the relvent specification, using the direct voltage ( C/rOT Uq) 
appropriate to the test ten^perature, after a maximum electrification period 
of five minutes. Tiie fully five minute electrification need not be applied if 
the specified leakage current is reached in a shorter time. 

8.3.4.3 A steady source of power such as a regulated power supply 
shall be used. 

8.3.4.4 The measurement error shall not exceed ± 5 percent ox 0* I /a A 
whichever is the greater. 

8.3.4.5 When prescribed in the relevant specification a 1 000 ^ 
protective resistor shall be placed in series with the capacitor to limit the 
charging current. 

8.3.4.6 The relevant specification shall prescribe: 

a) the leakage current at a reference temperature of 25 ± 2*C, and 
at other specified temperature; 

b) when necessary, the correction factor, if the measurements are 
made at a temperature other than 25*^0 but within the range of 
temperature covered by the standard atmospheric conditions for 
testing; 
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c) Electrification time if different from five minutes; and 

d) Whether or not a I 000 Q protective resistor shall be placed in 
series with the capacitor to limit the charging current as defined 
in 8,3.4.5. 

8.3.:5 Impedance — When required by the relevant specification the 
impedance shall be determined. The relevant specification shall prescribe: 

a) voltage; 

b) frequency as specified in the relevant specification; 

c) temperature; 

d) method of test and its accuracy; 

e) maximum value of impedance; and 

f) polarizing voltage, if necessary. 

^,XSA Method of measurement — A suitable method for measmng 
impedance is given in Appendix B. 

8.3.6 Insulation Resistance 

8.3.6.1 Before this measurement is made, the capacitors shall be fully 
discharged. 

8.3.6.2 Unless otherwise specified the insulation resistance shall be 
measured at 500 V dc ± 10 percent or the rated voltage whichever is 
lower. 

8.3.6.3 For test points B and C ( see Table 1 ) when the xase of the 
capacitor is non-metallic, or when the capacitor has a metallic case with 
an insulating sleeve, the test voltage shall be applied in one of the follo- 
wing ways: 

a) Foil method — - A metal foil shall be closely wrapped around the 
body of the capacitor to within a distance from the terminations 
equal to approximately 1 mm/kV test voltage, with a minimum 
of 0'5 mm. 

b) Method for capacitor with mounting devices — The capacitor shall 
be mounted in its normal manner on a metal plate, which extends 
at least 12*7 mm in all directions beyond the mounting face 
of the capacitor. 

c) V-block method — The capacitor shall be clamped in the through 
of a 90' metallic V-block of such size that the capacitor body does 
not extend beyond the extremities of the block. The clamping force 
shall be such as to maintain adequate contact between the capa- 
citor and the block. The terminations shall be so positioned 
that the distance between the terminations and any point of the 
V-block is not less than: 
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i) for cylindrical capacitors : the radius of the capacitor body minus 
the radius of the circumscribed circle of the terminations ( the 
larger circle when the two terminations have different dimen- 
tions ); and 

ii) for rectangular capacitors : half the smaller side of the capacitor 
body minus the radius of the circumscribed circle of the termina- 
tions ( the larger circle when the two terminations have different 
dimensions ). 

Any out-of-centre positioning of the terminations at its emergence 
from the capacitor body shall be ignored. 

8.3.6*4 The insultation resistance shall be measured after the voltage 
has been applied for 60 ± 5 seconds unless otherwise called for by the 
relevant specification, 

8.3.6.5 When prescribed by the detail specification the temperature at 
which the measurement is made shall be noted and a correction made to 
the measured value, or to the setting of the test apparatus on go/no-go 
tests, correct the value to that at 25**C, in accordance with the correction 
factors prescribed in the sectional specification. 

8.3.6.6 The relevant specification shall prescribe the following: 

a) The test points ( see Table 1 ); 

b) The measuring vohage; 

c) The method of applying the test voltage, either (a) or (b) or (c) 
of 8.3.6.3; 

d) Time of electrification if more than 1 minute; 

e) Any special precaution to be taken during measurement; 

f) Any correction factor require for measixrement over the range of 

temperatures covered by the standard testing conditions; 

g) The temperature of measurement if other than the standard 
atmospheric conditions for testing; and 

h) The minimum value of insulation resistance between the various 
test points ( see Table 1 ). 

8.3.7 Inductance — When required in the relevant specification, the 
inductance shall be determined. 

The length of lead used to connect the capacitor to the test apparatus 
shall be minimum and the total length of the connecting leads shall not 
exceed the length of the body of the capacitor or 5*0 mm whichever is the 
greater. 
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Note ™ The usual requirement is that the inductance of the capacitor shall not be 
greater than the inductance of a straight round wire 0*2 mm in diameter and of a 
length equal to that of the capacitor and its terminations ( sti fig, 2 ). 

8.3.7,1 Method of measurement — A suitable method is given in 
Appendix B 
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Fig. 2 Inductance of Straight Round Wire, 2 mm Diameter 



8,3.8 Outer Foil Termination 

8.3*8.1 The correct indication of the termination which is connected to 
the outside metal foil shall be checked in such a way that the capacitor is 
not uamaged* 
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8.3.8,2 A suitable method is given in Appendix C, 
8.3.9 Charge and Discharge 

8.3.9.1 Initial measurements — The measurements specified in the rele- 
vent specification shall be made. 

8.3.9.2 Test method— Suitable test circuits are shown in Fig. 3. 

Note — The thyristor circuit has the advantage of high repetition rates and is free 
from troubles associated with dirty contacts and contacts bounce. 
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Fig. 3 Test CmcuiT for Surge and Charge and Dischargb Tests 
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The voltage and current waveforms across and through C test are 
approximately as shown in Fig. 4. 
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Fig. 4 Voltage and Current Waveforms 

8.3.9,3 The following information shall be given in the relevant 
specification: 

a) the charge time constant arising from the internal resistance of 
the power supply and the resistance of the charge circuit and 
the capacitor under test; 

b) the discharge time constant arising from the resistance of the 
discharge circuit and the capacitor under test; 

c) the voltage to be applied during the charge period if different 
from the rated voltage; 

d) the number of cycles of test; 

e) the duration of the charge period; 

f) the duration of discharge period; 

g) the repetition rate ( Hz ); and 

h) temperature if different from standard atmospheric conditions 
for testing. 
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8.3.9.4 Final measurement — The measurements specified in the rele* 
vant specification shaU be made. 

8.3.10 Surge 

8.3.10.1 Initial measurements — The measurements specified in the 
relevant specification shall be made. 

8.3.10.2 Test method — The specimens shall be subjected to 1 000 
cycles of the dc surge voltage. The ambient temperature during cycling shall 
be the applicable maximum temperature of the temperature severity. Each 
cycle shall consist of a 30-s surge voltage application followed by a 5*5 min 
discharge period. Voltage application shall be made through a resistor in 
series with the capacitor and the voltage source. For capacitors whose 
nominal capacitance is below 2 500 [tF the resistor shall have a value of 
1 000 ± IOOq. For capacitors whose nominal capacitance is 2 500 fxF and 
above, the value of the resistor shall be determined from the following 
formula: 

2-5 X W 
R^ C 

where 

R ^ resistance ( a ), and 
C ™ capacitance { fiF). 

Each surge-voltage cycle shall be performed in such a manner that 
the capacitor is discharged through the applicable resistor at the end of 
the 30 seconds applications. 

8.3.10.3 The following information shall be given in the relevant 

specification: 

a) the charge time constant arising from the internal resistance of 
the power supply and the resistance of the charge circuit and the 
capacitor under test; 

b) the discharge time constant arising from the resistance of the 
discharge circuit and the capacitor under test; 

c) the ratio of the surge voltage to the rated or category voltage 
( as appropriate ); 

d) the number of cycles of test; 

e) the duration of the surge period; 

f) this duration of the discharge period; 

g) the repetition rate ( Hz ); and 

h) temperature if different from standard atmospheric conditions 
for testing. 
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8.3.10.4 Final measurements — The measurements specified in the 
relevant specification shall be made. 

8*3.11 Self-Healing — This test shall be carried out in accordance with 
the method in Appendix D. 

8.3.12 Variation of Capacitance with Temperature 

8,3.12.1 Static method — Measurements of capacitance shall be made 
under the conditions prescribed in the relevant specification. 

The capacitor shall be maintained at each of the following tempera- 
tures in turn: 

a) 25 ± 2*^0, 

b) lower category temperature + 

— 2*' 

c) 25 ± 2X, 

d) Temperatures, + TO'* ± 2*C, 

e) upper category temperature + 2**C, and 

f) 25 ± 2°C. 

If required for a particular type of capacitor, the relevant specifica- 
tion shall prescribe whether thermal shock is to be avoided or whether a 
maximum rate of change of temperature is necessary. 

Capacitance measurements shall be made at each of the temperatures 
specified above after the capacitor has reached thermal stability. 

The condition of thermal stability shall be judged to have been 
reached when two readings of capacitance taken at an interval of not less 
than 5 min do not differ by an amount greater than that which can be 
attributed to the measuring apparatus. 

The measurement of the actual temperature shall be made with a 
precision compatible with the requirements of the detail specification. 

Care shall be taken during measurements to avoid condensation or 
frost on the surface of the capacitors. 

In the case of quality conformance testing, the detail specification 
may prescribe a reduced procedure, for example, measurements ( d ), ( f ) 
and ( g ) covering the temperature range from 25'*C to the upper category 
temperature. 

8.3.12.2 Dynamic method — As an alternative to the static method, 
a dynamic plotting method may be employed. The capacitors shall be 
subjected to a slowly varying temperature. 
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A temperature-sensitive device shall be embedded in a dummy capa- 
citor to be included with the capacitor under test in a manner that will 
ensure that the measured temperature is the same as that occurring in the 
capacitor under test. The capacitance shall be measured using a self- 
balancing bridge or comparator. 

The output of the bridge or comparator shall be coupled to the 
Y-axis of a plotting table. 

The output of the temperature sensing device shall be coupled to the 
X-axis of a plotting table. 

The temperature shall be varied slowly enough to produce a uniform 
curve with no loop, at the lower or upper category temperature. The 
temperature shall be varied subsequently from 25*C to the lower category 
temperature, to the upper category temperature and to 25**C. The cycles 
shall be carried out. 

This method may be employed only when it can be demonstrated 
that the results are the same as for the method employing stabilized 
temperatures. 

In case of dispute, the static method shall be used, 

8.3.12.3 Method of calculation 

Co — capacitance measured at point (c); 
^0 — temperature measured at point (c); 

C\ — capacitance measured at the test temperature, other than at 
points (a), (c) and (f); and 

^1 — temperature measured in the test. 

a) Temperature characteristic of capacitance — The variation of 
capacitance as a function of temperature shall be calculated for 
all the values of C\ as follows : 

LC Ci- Co 

Co C7o 

The variation of capacitance is usually expressed in percent. 

b) Temperature coefficient of capacitance and temperature cyclic drift 
of capacitance 

i) Temperature coefficient of capacitance (cl) 

Temperature coefficient of capacitance (a) shall be calculated 
for all the values of d as follows: 

V Co(ri-fo) 
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The temperature coefficient is usuaily expressed in parts per 
million per degree Celsius ( 10'^ /°C ) 

ii) Temperature cyclic drift of capacitance — The temperature 
cyclic drift of capacitance shall be calculated for the points 
of measurement of (a), (d) and (g) of 7.3.13.1 in the 
following manner: 

Co "— Ca 






Co 
Cg — Co 

Co 

C7g — Cft 



Co 

as required by the relevant specification. The largest of 
these values is the temperature cyclic drift of capacitance. 

The capacitance drift is usually expressed in percent. 

8.3.13 Dielectric Absorption 

8.3.13.1 Unless otherwise specified, the capacitor shall be charged at 
the dc voltage rating for 1 hour ± 1 minute. The initial surge current 
shall not exceed 50 milliamperes. At the end of this period, the capacitor 
shall be disconnected from the power source and discharged through a 
5Q ± 5 percent resistor for 10 ± 1 seconds* The discharged resistor shall 
be disconnected from the capacitor at the end of the 10 second discharge 
period, and the voltage remaining on the capacitor ( recovery voltage ) 
shall be measured with an electrometer or other suitable device having an 
input resistance of 10 000 MQ or greater. Recovery voltage shall be read at 
the maximum voltage within a 15 minutes period. The dielectric absorption 
shall be computed from* the following formula: 

d^ ^X 100 

where 

d ™ percentage dielectric absorption, 
Fj ~ maximum recovery voltage, and 
Kj = charging voltage. 

8.3*13*2 Requirements — The value shall be within the limits specified 
below: 

Dielectric Materials Dielectric Absorption 

Polyester 0*60 

Polystyrene 0*10 

Polycarbonate 0*04 

Dielectric absorption test is not applicable to values of 0*01 /*F and less, 
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^.3.14 DC Resistance ( Applicable to Feed through Patterns Only) — The 
dc resistance shall be measured directly using a kelvin bridge or indirectly 
using the voltmeter-ammeter method, ammeter-potentiometer method, or 
other suitable means. The point of contact shall be along the lead, where 
the lead is normally connected in an actual circuit, except for axial wire 
terminations, the contact shall be made 15 08 rb 3*20 mm from the insu- 
lator. 

8.3.15 Insertion Loss — The specimens shall be tested and measurements 
shall be taken at a sufficient number of frequencies to permit the construc- 
tion of smooth accurate curve of insertion loss versus frequency over a 
frequency range of 045 to 1000 MHz, inclusive. Suggested frequencies 
are : 0-15, 0*5, 1, 2, 4, 8, 14, 20, 40, 80, 120, 200, 300, 400 and 1 000 MHz. 

8.3.15.1 Requirements for feed through patterns — The insertion loss 
shall be not more than 6 dB. Dips below the value specified for an ideal 
capacitor of the same nominal . capacitance value are permissible when 
tested at frequencies from 0*15 MHz up to that frequency at which the 
insertion loss of the capacitor under test becomes 60 dB. However at 
higher frequencies up to 1 000 MHz the insertion loss shall not fall below 
60 dB. Deviations in the nature of dips in the curve shall be permitted. 
Such dips indicate a drop in insertion loss below that of an ideal capacitor 
followed by a rise in insertion loss, as frequency is increased faster than the 
rise that is characteristic of an ideal capacitor. 

8.3.15.2 Requirements for patterns of bypass capacitors — The inser- 
tion loss shall be within 6 dB of the value of an ideal capacitor of the same 
nominal capacitance value up to 0*7 of the resonant frequency ( fk). From 
07 jFr to Fr the insertion loss shall be at least equal to or better than the 
insertion loss of an ideal capacitor. From FRto 1*4 Fr the insertion loss 
may be higher than the insertion loss of an ideal capacitor, but in no case 
6 dB below the ideal curve. Beyond 1-4 Fr, the useful insertion loss decays 
rapidly. 

8.3.16 Voltage Temperature Characteristic — The specimen shall remain 
under standard atmospheric conditions for 24 hours before commencement 
of this test. The capacitance shall be measured at the temperature and 
under the condition stated below: 

a) 20*'C ± VC with no polarising voltage; 

b) Minimum severity temperature + with no polarising voltage; 

- 2°C 

c) 20°C ± PC with no polarising voltage (Reference ); 

d) Maximum severity temperature + 2 with no polarising voltage; 

- O'C 
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c) Maximum severity temperature + 2 with the rated voltage or 

- OX 500 V whichever is less 

f) 20*C ± PC with the rated voltage or 500 V which is less ; and 

g) Minimum severity temperature + with the rated voltage or 

- l^'C 500 V whichever is less 

The measurements at each temperature shall be recorded when two 
successive readings taken at 5 minutes intervals at that temperature indi- 
cate no change in capacitance. 

Note — The capacitance shall also be measured at such other points betvyrecn thos e 
stated above as arc necessary to establish the true shape of the capacitance voltage 
temperature curves. 

8.3.17 Reverse Voltage — The specimens shall be subjected to 3 V dc, 
applied in the reverse 4)olarity direction for 125 ± 10 h. The ambient 
temperature during the test shall be 85''C. Capacitors shall be maintained 
at 85*C and dc rated voltage shall be applied in the forward polarity direc- 
tion for an additional period of 125 ± 10 h. Capacitors shall then be 
returned to atmospheric conditions for testing. The following measure- 
ments shall than be made: 

a) Capacitance, 

b) Tangent of loss angle, and 

c) Leakage Current. 

The requirements for these shall be as specified in the relevant speci- 
fications. 

8.3.18 Stability at Low and High Temperatures ~ The capacitors shall 
be subjected to this test as given in the relevant specification and shall meet 
the requirements specified therein. 

8.4 Physical and Mechanical Tests 

8.4.1 Visual Examination — The capacitors shall be visually examined 
for compliance with the requirements of 6 and 7. 

8.4.2 Dimensions — The dimensions shall be checked for compliance 
with those stated in the relevant specification. 

8.4.2.1 Measurement of the dimensions of a cylindrical components 
having two axial wire terminations 

a) Length ~ The length of the body shall be measured by inserting 
the terminations into slots ( or holes ) of two gauge plates and 
by moving the plates parallel to each other until the components 
body is clamped without deforming the body or the termination, 
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The plates shall be considered sufficiently close to parallel if, 
allowing for the size of plate and the distance between the compo- 
nent and the measuring device, Ihc error in measurement due to 
this cause does not exceed 0*2 mm. 

Alternative methods of measurement are given in Methods 1 and 
2 (5^e Fig. 5 and 6). 

Method I 





0-210-05 



OETAlLfA 

The length of the body is equal to the measured length £i. 
The length of the tcnnination is equal to Zj. 

Fig. 5 Gauge Plate for Components Having Axial Wire 
Terminations ( Except Components Mentioned in Method 2 ) 

The width of the slot W ( or the diameter of the hole ) in the gauge 
plate shall depend on the diameter of the wire termination in the manner 
given in Table 2. 

TABLE 2 WIDTH OF THE SLOT 

Nominal Diameter of Wire 
Terminations 

(1) 

mm 
Up to and including 0*4^ 
0*45 up toand including 0'7 
0*7 up to and including 0*9 
0*9 up toand including 1*15 
1*15 up to and including 1*32 
1.32 up to and including 2*0 

•The tolerance need only be maintained in the locality of the point where the termi' 
nation will be during the meaiurement. 





(2) 




mm 


0*8 ± 0*02» 


I'O 


± 0*02* 


1*2 ± 0-02* 


1-5 


± 0-02* 


1*8 


± 0*02* 


3*0 


± 002* 
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Method 2 




DETAIL A 

Fig. 6 Gauge Plates for Components With a Diameter of 5 mm 

AND Over Having Axial Terminations and with Glass Metal 

Seals or with Discontinuities in the Wire Terminations 

If there is a discontinuity in the wire termination, for example, on compo- 
nents with welded terminations outside the case and on components 
provided with glass seals, the thickness of the gauge has no significance in 
the measurement of length. The length of the component shall be taken as 
the distance between the inside faces of the gauge plates Lj, the length of 
the termination is equal to L^, 

The width of the slot ( for the diameter of the hole ) in the gauge plate shall 
be 4-00 ±0*02 mm. 

Note — This tolerance need only be maintained in the locality of the point where the 
termination will lie during measurement. 

b) Maximum length of the termination covered by coating material — 
When the terminations are inserted in the gauge plates and the 
component is clamped as prescribed in 8.4.2.1(a) no coating 
material shall extend beyond the gauge plates. The thickness T 
of the gauge plates shall be specified in the relevant detail 
specifications. 

Note — Recommended values for gauge plate thicknesses are 1*5 ± 0*05 mm for 
components for use on single sided printed wiring board and 4-00 =*= 0'05 mm for 
components for other applications. 

c) Method for checking the overall diameter — For a given diameter 
the component shall pass through a straight tube, of which the 
internal diameter is equal to the maximum prescribed body 
diameter ±0 1 mm with a tolerance of - 0/ -f 0*05 mm and the 
length is the maximum prescribed body length for that component. 
The component shall pass through the gauge by its owmnass. 
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The maximum diameter of the component as given by the manufac- 
turer shall take into accoimt the irregularities in the shape of the body such 
as bow and wire wrapping as part of the terminations of ceramic capa- 
citors, etc. 

8,4.2«2 Measurement of a component having radial y/ire terminations 

(Under consideration). 

8.4.3 Mass — Where prescribed in the relevant specification, the speci- 
men shall be weighed. The mass shall not be greater than the maximum 
prescribed in the relevant specification. 

8.4.4 Robustness of Terminations — The capacitors shall be tested to 
determine the ability of their terminations to withstand forces such as 
tensile, bending, torsion and torque, in accordance with IS : 9000 ( Part 19/ 
Sec 1 to 5 )-I978*. 

Note — Tests for bending and torsion shall not be applied if the relevant specification 
describes the terminations as rigid. 

8.4.4.1 Tensile— This test shall be carried out in accordance with 
IS : 9000 (Part 19/Sec 1)-1978* the loading force being as given in Tabic 3. 



TA»LE 3 LOADING FORCE ( FOR EACH TERMINATION ) 


a) For Wire Terminations 
Gross-Sectional Area OF Wire . 


\ 


Gorrespondino Nominal Load 
Diameter op Round Wire D N 


mm 








mm 






A < 


0-05 


r""-' ■ — 










0-05 < A < 


0-07 


0*25 


< 


d 


< 


0-30 2-5 


0-07 < A < 


0-20 


0-30 


< 


d 


< 


0-50 50 


0*20 < A < 


0-50 


0-30 


< 


d 


< 


0-80 100 


0-50 < A < 


1*20 


0-80 


< 


d 


< 


1-25 20-0 


> 


1-20 


1-25 


< 


d 




40-0 


h) For other types of temirtations : 20 N 














Note — The body of the capacitor shall be clamped in 
if any, of the capacitor does not peel off during the test. 


such a way that 


the coating, 



•Basic environmental testing procedures for electronic and electrical items: Part 19 
Test for robustness of terminations and integral mounting devices, 
Section 1 Tensile test. 
Section 2 Thrust test. 
Section 3 Bending test. 
Section 4 Torsion test. 
Section 5 Torque test. 
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There shall be no visible damage to the capacitor after this test. 

S.4.4.2 Bending — This test shall be carried out in accordance with 
IS : 9000 (Part i9/Sec 3 )-1978^^ Care shall be taken to ensure that 
the bend occurs at a point 6 mm from the point of emergence of the wire 
or strip from the capacitor and around a radius of 0-75 mm suitable 
arrangement to ensure this requirement is shown in Fig. 7. 

Each termination shall withstand two consecutive bends without any 
damage to the capacitor. 

Note — In the case of capacitors with axial termination this test shall be carried out 
on one half of termination while on the other half torsion test (jw 8.4.4.3) shall be 
carried out. 



6mm 



CAPACITOR 




0«75mmR 



COLLAR - 

Fig. 7 Arrangement for Bend Test 

There shall be no visible damage to the capacitor after this test. 

8.4.4.3 Torsion ( For axial terminations only ) — This test shall be 
carried out in accordance with IS : 9000 ( Part 19/Sec 4 )-1978t. Two suc- 
cessive rotations of ISO** shall be performed. 

There shall be no visible damage to the capacitor after this test. 

8.4.4.4 Torque (For nuts, threaded terminations and integral devices) — 
This test shall be carried out in accordance with Section 5 of IS: 9000 
(Part 19/Sec 5)1978J, using one of the following two severities, as specified 
in the relevant specification : 



Basic environmental testing procedures for electronic and electrical items : Part 19 Test 
for robustness of terminations and integral mounting devices, 

♦Section 3 Bending test. 

tSection 4 Torsion test. 

JSection 5 Torque test. 
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Nominal Thread Diameter^ mm 








2-6 3-0 3-5 


4-0 5-0 60 


Torque Severity 1 


0-4 0-5 0-8 


V2 2 2^50 


Nm Severity 2 


0-2 0-25 0-4 


0-6 I'O 125 


There shall be no visible damage to the capacitor after this test. 


8.4.5 Soldering 







8.4.5.1 Solderability — The capacitors shall be subjected to this test 
either using the solder bath method, or the soldering iron method, or the 
solder glubule method, in accordance with IS : 9 000 (Part 18/Sec 1) - 
198P. Where the solder bath method is used, the depth of immersion 
from the seating plane or component body shall be as follows: 

a) Capacitors specifically designed for printed circuit applications 
2*0 + mm using a thermal insulating screen of 1-5 ± 0-5 mm 

— 0-5 

thickness. 

-f 

b) Capacitors for general purpose application : 3*5 _ q.^ ^^ 

The terminations shall not be greased. Non-activated flux shall be 
used. 

The test shall be applied at any point on the terminations otherwise 
specified in the relevant specification. 

The period of recovery shall be 1 to 2 hours. 

Requirements — The immersed part of the termination must be at 
least 95 percent covered with a regular coating of solder. 

When the solder bath method is not applicable the irelevant speci- 
fication shall define both the test conditions and the requirements. 

8.4.5.2 Resistance to soldering heat — The capacitors shall be 
subjected to the procedure for resistance to soldering heat in accordance 
with IS : 9000 ( Part 18/Sec 2 ) 198it, with the following requirements: 



Basic environmental testing procedure! for electronic and electrical items : Part 
18 Solderability test, 

♦Section 1 Solderability test of wire and tag terminations. 
tSection 2 Resistance of items to soldering heat. 
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a) Capacitors specifically designed for printed circuit applications: 

Method 1 A 

Depth of immersion from the seating plane 

^ "0-5 mm 

b) Capacitors for general purpose application: 

Method 1 B 

Depth of immersion from the component body : 
3.5 -fO 

The period of recovery shall be not less than 1 hour nor more than 
2 hours. 

8.4.5.3 When the test procedures have been carried out the capacitors 
shall be visually examined. 

There shall be no visible damage and the marking shall be legible. 

8.4.5.4 The capacitors shall then be measured as prescribed in the rele- 
vant specification. 

8.4.6. Vibration 

8.4.6.1 The measurements prescribed in the relevant specification shall 
be made. 

8.4.6.2 The capacitors shall be subjected to the procedure as specified 
in IS : 9000 ( Part 8 )-198F- using the mounting, the method and degree 
of severity as specified in the relevant specification. If called for in the rele- 
vant specification measurements shall be carried out during the test. 

8.4.6.3 After the test the capacitors shall be visually examined. 

8.4.6.4 The measurements prescribed in the relevant specification shall 
then be made. 

SA.l Bump 

8.4.7.1 The measurements prescribed in the relevant specification shall 
be carried out. 

8.4.7.2 The capacitors shall be subjected to the procedure as specified 
in IS: 9000 ( Part 7/Sec 2 )-1979t using the mounting and the preferred 
degree of severity for capacitors unless otherwise specified in the relevant 
specification. 

Basic environmental testing procedures for electronic and electrical items : 
*Part 8 Vibrations (sinusoidal) test. 
tPart 7 Impact test. Section 2 Bump. 
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8.4.7.3 After the test the capacitors shall be visiialiy examined. 

8.4.7.4 The tests prescribed in the relevant specification shall be car- 
ried out. 

8.4.8 Shock — The shock test shall be carried out as outlined in 
Appendix E. 

8.4.9 Acceleration — The acceleration test shall be carried out in 
accordance with Appendix F. 

8.4.10 Vent 

8.4.10.1 The specimen shall be subjected to ac test current at 50 to 60 
Hz in accordance with the details given below. The vent shall operate 
within 5 minutes. If the capacitor opens or short circuits and the vent has 
not operated, additional capacitors _shall be selected and subjected to this 
test. 

Nominal Capacitance Test Current 

fxF A (rms) 

(inclusive) 

up to 3 000 inclusive 10 to 100 

3 001 to 20 000 inclusive 85 to 150 

over 20 000 100 to 175 

8.4.10.2 There shall be no explosive expelHng of the contents. Distrup- 
tion shall occur only at the vent; the case or and seal shall not otherwise 
rupture. 

8.4. M Scintillation 

8.4.11.1 The specimen shall be monitored in a test circuit capable of 
detecting short term iiiuctiiations of capacitance of at least O'Ol percent 
at a frequency of not less than 1 MHz. The capacitor shall be subjected 
for 30 minutes to a direct potential equal to half the rated voltage of the 
capacitor and superimposed alternating voltage having a rms value of 20 V 
at the measuring frequency. The capacitance shall be monitored in the 
last 10 minutes of this period, the ambient temperature being constant 
± 2*'C during that time. 

8.4.11.2 Unless otherwise specified, there shall be no random varia- 
tions of frequency. 

8.5 Climatic Tests 

8.5.1 Climatic Sequence — In the climatic sequence, an interval of maxi- 
mum 3 days is permitted between any of the tests except that the cold 
test shall be applied immediately after the recovery period for the first 
cycle of the damp heat cyclic test. 
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8.5.1.1 Initial measurements — The measurements prescribed in the 
relevant specification shall be made. 

8.5.1*2 Dry heat — The capacitors s^hall be subjected to dry heat test 
in accordance with IS: 9000 ( Part 3/Sec 3 )-1977^ for 16 h, using the degree 
of severity of the upper category temperature, as prescribed in the detail 
specification. Throughout the period of exposure the category voltage shall 
be applied to half the number of specimens. While still at the specified 
high temperature and at the end of the period of high temperature, the 
measurements prescribed in the relevent specification shall be made. 

After specified conditioning, the capacitors shall be removed from the 
chamber and exposed to standard atmospheric conditions for testing, 
for 2 h. 

8.5.1.3 Damp heat cyclic first cycle — The capacitors, other than those 
of category -/-/04, shall be subjected to this test in accordance with IS : 9000 
( Part 5/Sec 1 and 2 ) - 1981 1 for one cycle of 24 h, using the severity 
prescribed in the relevant specification. 

After recovery the capacitors shall be subjected immediately to the 
cold test. 

8.5.1.4 Cold — The capacitors shall be subjected to cold test in 
accordance mih IS : 9000 (Part 2/Sec 3) - 1977 J for 2 h, using the degree of 
severity of the lower category temperature as prescribed in the relevant 
specification. During the test 10 minutes of the period of exposure the 
rated voltage shall be applied to the specimens of 8.5.12. While still at the 
specified low temperature and at the end of the period of low temperature, 
the measurements prescribed in the relevant specifications sTiall be made. 

After the specified conditioning, the capacitors shall be removed 
from the chamber and exposed to standard atmospheric conditions for 
testing for not less than 2 h. 

8.5.1.5 Low air pressure — The capacitors shall be subjected to low 
air pressure test in accordance with IS : 9000 ( Part 13 ) - 1981§ using the 
appropriate degree of severity prescribed in the relevant specification. The 
duration of the test shall be 5 minutes, unless otherwise stated in the 
relevant specification. 



Basic environmental testing procedures for electronic and electrical items ; 

•Part 3 Dry head test. Section 3 Non-heat dissipating items with gradual change 
of temperature. 

tPart 5 Damp heat (cyclic). Section 1 16 + 8 h cycle; Section 2 12 -h 12 h cycle, 
JPart 2 Gold, Section 3 Non-heat dissipating items with gradual change of 
temperature* 

§Part 13 Low air pressure test. 
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The relevant specification shall prescribe: 

a) duration of test, if other than 5 min; 

b) temperature ; and 

c) degree of severity. 

While still at the specified low pressure a direct voltage shall be 
applied as prescribed in the rele?vant specification. This direct voltage shall 
be the rated voltage and shall be applied for the last 1 min of the test 
period, unless otherwise prescribed in the relevant specification. 

During and after the test there shall be no evidence of permanent 
breakdowns flashover, harmful deformation of the case or seepage of 
impregnant. 

8.5.1.6 Damp heat cyclic remaining cycles — The capacitors, other than 
those of category -/ -/04i shall be subjected to this test in accordance with 
IS : 9000 ( Part 5/Sec 1 and 2 )-1981*^ for the following cycles of 24 h, 
using the severity prescribed in the relevant specification. 

8.5.1.7 Final measurements — After the prescribed recovery the 
measurements prescribed in the relevant specification shall be made. 

8.5.2 Damp Heat ( long term ) 

8.5.2.1 The measurements prescribed in the relevant specification shall 
be made. 

8.5.2.2 The capacitors shall be subjected to the procedure of IS : 9000 
(Part 4)-1979t using the appropriate degree of severity. With the exception 
of electrolytic capacitors, within 15 min after removal from the chamber; 
the voltage proof test shall be carried out at Test point A only, using the 
rated voltage. 

8.5.2.3 After recovery the capacitors shall be visually examined. There 
shall be no visible damage. 

8.5.2.4 The measurements prescribed in the relevant specification shall 
then be made. 



Basic environmental testing procedure for electronic and electrical items : 
•Part 5 Damp heat ( cyclic ), 
Section 1 16 + 8 h cycle; Section 2 12 4- 12 h cycle. 
tPart 4 Damp heat ( steady state ) 
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8.5.3 Rapid Change of Temperature — The measurements specified in 
the relevant specification shall be made. The capacitors shall be subjected 
into the procedure of IS : 9000 { Part 14)-1978% After recovery, the' capa- 
citors shall be visually examined. The measurements prescribed in the 
relevant specification shall then be made. 

8.6 Endurance 

8.6.1 The measurement prescribed in the relevant specification shall be 
made. 

8.6.2 The capacitors shall be submitted to an endurance test. The 
duration of this test, the value(s) of the applied voltage and the chamber 
temperature(s) at which it should be conducted, shall be prescribed in the 
relevant specification. 

8.6.3 A capacitor shall be considered to have failed when the require- 
ments of the relevant specification during or at the end of the test are not 
satisfied. 

8.6.4 The capacitors shall be placed in the test chamber in such a manner 
that: 

a) During ac testing no capacitor is within 25 mm of any other 
capacitor. 

b) During dc testing no capacitor is within 5 mm of any other 
capacitor. 

The capacitor shall not be heated by direct radiation and the circula- 
tion of the air in the chamber shall be adequate to prevent the temperature 
from departing by more than 3°C from the specified temperature of the 
chamber, at any point where the capacitors may be placed. 

8.6.5 After the specified period, the capacitors shall be allowed to 
recover under standard atmospheric conditions for testing. 

8.6.6 The capacitors shall than be visually examined. There shall be no 
visible damage. 

8.6.7 The measurements prescribed in the relevant specification shall 
then be m.ade. 



♦Basic environmental testing procedure for electronic and electrical items ; Part 14 
Change of temperature. 
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8.7 Storage 

8.7.1 Storage at High Temperature — The capacitors shall be stored in 
accordance with IS : 9001 (Part 14)- 198 P, The measurements prescribed in 
the relevant specification shall be made using the following severities. 

Temperature : Upper category temperature 
Duration : 96 ± 4 h 

After recovery for at least 16 hours, the measurements prescribed in 
the relevant specifications shall be made. 

8.7.2 Storage at Low Temperature — The measurements prescribed in 
the relevant specification shall be made. 

The capacitors shall be stored at — 40"C for either a period 4 h after 
thermal stability has been reached, or for 16 h. 

After recovery for at least 16 h the measurements prescribed in the 
relevant specification shall be made. 

8.8 Mould Growth — The capacitors shall be subjected to the mould 
growth test in accordance with IS : 9000 ( Part 10 )-1980t and shall satisfy 
the requirements specified in the relevant specification. 

8.9 Salt Mist — The capacitors shall be subjected to the salt mist test in 
accordance with IS : 9000 ( Part 11 )-1984t. The duration of exposure shall 
be as stated in the relevant specification. After the expiry of the period of 
exposure, the capacitors shall be removed from the chamber and visually 
examined for any apparent deterioration, such as corrosion and damage 
and illegibility of marking. 

8 JO Container Sealing — This test is applicable to the sealed type 
capacitors only. The capacitors shall be subjected to the appropriate 
sealing test as specified in the relevant specification in accordance with 
IS : 9000 (Part 15/Sec 3 )-1982§. The requirem.ents to be m.et with, shall be 
stated in the relevant specification. 

8*11 Resistance to Solvents — The capacitors shall be subjected to this test 
in accordance with IS : 9000 ( Part 20 )-197911 and shall satisfy the require 
ments specified in the relevant specification. 

8.12 Resistance to Steam ( Applicable to Non-liermetically Sealed Patterns 
only ) — The capacitors shall be exposed to a saturated steam atmosphere 
of 35 kPa for a period of 90 min the terminals shall not be welded, 
soldered or disfigured. There shall be no evidence of unwrapping of the 
capacitor case or sleeve or other damage to the case. 

♦Guidance for environmental testing : Part 14 Storage tests. 
Basic environmental testing procedures for electronic and electrical items. 
fPart 10 Mould growth test, 
J Part II Salt mist test. 

§Part 15 Sealing tests, Section 3 Container sealing, gas leakage, 
||Part 20 Resistance to cleaning solvents and permanence of markings. 
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APPENDIX A 

{Clause 0.5) 

ENDURANCE TEST 

A-1. INITIAL MEASUREMENTS 

A-1.1 The measurements prescribed in the detail specification shall be 
made. 

A-2. The capacitors shall be subjected to tests as follows : 

a) dc Tests ~ See Section 3 of IS : 9000 ( Part 3 )-1977*. 

b) ac Tests — See Section 3 or 5 of IS : 9000 ( Part 3 )-1977-. 

c) Pulse Tests — See Section 3 or 5 of IS : 9000 ( Part 3 )-1977-. 

A-3, The detail specification shall prescribe: 

a) duration of the test ( for example, hours or number of pulses ); 

b) temperature of the test (for example, room ambient, rated or upper 
category temperature ); and 

c) voltage to be applied ( see also A-4 ). 

A-4. Unless otherwise specified in the relevant specification the voltage to 
be applied during the test shall be selected from the following: 

a) dc Tests — The test will be carried out at a multiplying factor 
times the rated voltage (dc) at up to the rated temperature. The 
temperature of the test, the value of the multiplying factor and 
the derating factor for tests at the upper catagory temperature 
shall be specified in the relevant specification. 

b) ac Tests — The test will be carried out normally at 50 Hz and at 
a multiplying factor times the rated voltage (ac) at up to the rated 
temperature. The temperature of the test, the values of the multi- 
plying factor and the derating factor for tests at the upper category 
temperature shall be specified in the relevant specification. 

c) ac Tests ( Constant Current ) — This test shall be carried out with 
a current applied in accordance with 2.2.1(b). The temperature of 
the test, the value of current and frequency shall be specified in 
the relevant specification. 



♦Basic environmental testing procedures for electronic and electrical items; Part 3 
Dry heat test, Section 3 Non heat dissipation items with grdaual change of temperature, 

40 



18:7305-1984 

For ease of testing the test may be defined as a voltage at a 
specific frequency to be applied to a group of capacitors in 
parallel. 

d) ac Tests {Constant VAj or Power Dissipation) — This test shall be 
carried out with VAr or power applied in accordance with 2.2.1(c). 
The temperature of this test, the value of VAr or power, and 
the frequency shall be specified in the relevant specification. 

For ease of testing the test may be defined as a voltage at a specific 
frequency to be applied to a group of capacitors in parallel. 

An alternative to this test is a thermal stability test (see A-10). 

e) Pulse Tests — This test shall be carried out with pulses applied in 
accordance with 2.2.2 and as specified in the relevant specification. 
Guidance on the carrying out of pulse tests is given in Appendix G, 

f) ac or pulse tests with superimposed dc tests (b) to (e) may be 
carried out with superimposed dc as required by the relevant 
specification. 

An example of a test circuit suitable for electrolytic capacitors is as 
given in Fig. 8. 




1 I * I I — ! I c 



I ■ r I , I t 



Fig. 8 Test Circuit for Electrolytic Capacitors 

A-5. The detail specification shall prescribe: 

a) duration of the test ( for example, hoxu-s or number of pulses ); 

b) temperature of the test ( for example, room ambient, rated or 
upper category temperature ); and 

c) voltage to be applied ( see also A-4 ). 

A-6. The capacitors shall be placed in the test chamber in such a manner 
that no capacitor is within the following distances of another capacitor 

a) dc tests 5 mm 

b) ac or pulse tests 25 mm 
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A-7. THERMAL STABILITY TEST 

An alternative to an endurance test in accordance with A.4(d) is a ther- 
mal stability test. 

The capacitor shall be energised with a specified factor times the rated 
VAr or power dissipation at the rated temperature and period as specified in 
the detail specification. A test for thermal stability shall be carried out by 
measuring the temperature rise as a function of time over the last part of 
the specified period. The temperature rise shall remain constant within 
specified limits. 

APPENDIX B 

(Clauses S3.5A and^S^A) 

MEASUREMENT OF IMPEDANCE AND INDUCTANCE OF 
FIXED CAPACITORS 

B-1. IMPEDANCE 

B-Ll The basic method of measurement of impedance of a capacitor is 
to pass a known current through it and to measure the voltage across it. 
At frequencies of 100 kHz or less, this is relatively simple, but at higher 
frequencies, care is necessary by the use of coaxial cables and screening to 
avoid spurious coupling. 

B-1.1.1 The basic circuit diagram is shown in Fig. 9. 

B-1.1,2 The impedance of the capacitor be given by: 

= i?e + j^C 

where 

Zc == impedance of the capacitor at the frequency of measurement; 

Re " effective series resistance of the capacitor; 

w — 2 :r/, /being the frequency of measurement; 

Lc «= inductance of the capacitor; and 

C == capacitance of the capacitor at the frequency of measurement- 
Using the notation of Fig. 9. 

Km 



/in- 

Rb + ^c 



Fout == /m Zc = 



FinZc 
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Therefore 






This equation can be used to determine the impedance at any 
frequency. 



SIGNAL QE 
GENERATOR 



?HSIh 



? 



■s 



I J 



ELECTRONIC 
3)V0LTMETER 
(HIGH INPUT 
IMPEDANCE) 



C ^ capacitor under test, 

Ra «= non-inductive resistor approximately equal to the output impedance of the 
signal generator ( normally 50 £^ or 75 £2 ), 

Lb — specified length ( terminal wire and body ) at which measurement is made, 

Kin = voltage output of the signal generator with the measuring circuit connected, 

/iu « current in the measuring circuit, and 

Kout •" voltage measured across the capacitor as indicated by the electronic 
voltmeter. 

Fig. 9 Method of Determination of Impedance, Resonant 
Frequency or Inductance of Capacitors 



B-2. INDUCTANCE 



B-2.1 Resonance Frequency Method — At resonance 

wLc = and 

Zc ^^^ -Re 

Thus Z passes through a minimum at the resonant frequency 
Wo === 2 Tc/o. This is a convenient way of determining the inductance which 
is given by 
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The resonant frequency as a function of capacitance and inductance 
is shown in Fig. 10. 
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Fig. 10 Resonant Frequency as a Function of Inductance 
AND Capacitance 



B-2.2 Impedance Method — If the impedance of the capacitor is 
measured at a frequency above resonance such that: 





We 


Hence 


1 1 


W^LeC " 10 


Since 


7 = ff 1 iwT I 1 


Ze - /<« 1 JHU ^ 1 ^,^^^ 


Assuming that 


='Rc + jw[U(0-9)] 
Ze » 0-9 wLe 


From which 


T ^0 

^^ ^ 0-9 w 
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It should be noted that this equation is true at a frequency 3-16 times 
the resonant frequency; at higher frequencies the coeflBcient varies between 
0*9 and L Where the resonant frequency is not known accurately at least 
4 times the resonant frequency should be used and a coefficient of 0-95 
employed. 

A typical impedance frequency characteristic is shown in Fig, IL 
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Fig. 11 Typical Capacitor Impedance/Frequency Characteristic 

Measuring methods for inductance of mica capacitors 

Method I 

The length of the leads required to connect the capacitor to the test 
apparatus shall be a minimum, and the total length of the connecting 
leads shall not exceed the length of the body of the capacitor. 

The measuring frequency shall be so chosen that the inductive react- 
ance is at least ten times the capacitive reactance. 

The detail specification shall prescribe the maximum inductance, if 
different from the requirement that the inductance shall not be greater 
than the inductance of a straight round wire 0*2 mm in the diameter and 
of a length equal to the capacitor and its terminations. 
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Method 2 



00 




Fig. 12 

i?i and i?2 are situated in a coaxial line matched to the impedance 
Zout of the generator Gj, 

R^ -- 95Zout Ri = 005Zout 

Zout = rated impedance of Gj 
a ) Nominal inductance L© 

For the mica capacitors covered by this standard an acceptable 
approximation for the calculation of the nominal inductance is InH/mm 
of the capacitor and lead length between the test terminals. 

b) Operation sequence 

1) The maximum inductance (£n) of the capacitor is calculated 
according to the formula 

Ln ^ i *Lo / == capacitor length (nm) [see (a)]. 

Lo == 1 nH/mm capacitor length [see (a)]. 

2) The minimum resonant frequency of the capacitor is calculated 
according to the formula 

fr = Ln ~ nominal capacitor inductance. 

€x ^ true capacitance. 

3) The capacitor is connected to the terminals or an adapter 
conforming to the test circuit given above. The frequency of 
the signal generator shall be set at the value calculated in (b)(2) 
above and the reading of the voltmeter noted. 

The frequency is then increased to about 1*5 times the value 
of (b)(2) above and the change of the voltmeter reading noted. 
As an alternative to the voltmeter and signal generator, an 
oscilloscope and sweep generator can be used, the centre 
frequency being equal to /. 
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c) Requirement 

The voltage minimum shall be indicated above the minimum 
frequency /r. 

Note — The voltage miaimum for a poor capacitor appears at a much lower 
frequency. 



APPENDIX C 

{Clause 83.8.2) 

TEST FOR OUTER TOIL TERMINATION 

G-1. The correct indication of the termination which is connected to the 
outside metal foil shall be checked in saich a w^ay that the capacitor is not 
damaged. A suitable method is shov/n in Fig. 13. 

C-2. The frequency of the generator may be from 50 Hz to a few thousands 
Hz and shall be so chosen as to give a clear result of the measurement, 
the most appropriate value being dependent on the type of capacitor under 
test. The voltage shall be of the order of 10 V. The voltmeter shall have 
an input impedance of not less than 1 Ma The stray capacitance of the 
wiring shall be kept low. 

C-3. With the switch in position 1, the deflection of the voltmeter shall be 
markedly less than the switch in position 2. 



I 




^ FOIL 



I 1 



(v) 



Fig. 13 Arrangement for Checking Outer Foil Indication 
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APPENDIX D 

{Clause S.3M) 

SELF-HEALING TEST 

D-1. TEST SEVERITY 

D-1.1 The specimens shall be subjected to rated voltage and applicable 
maximum temperature of the temperature severity for 2 000 ± 72 hours. 
The temperature when measured at any time of the body of any capacitor, 
shall be the upper category temperature. Radiation shall not be used as a 
means of heating the chamber. The voltage shall be applied to each capa- 
citor through its individual current-limiting resistor as determined from 
the following formula: 

_ 0025 

where 

R = resistance (q), and 

C = nominal capacitance (F). 

Note — The actual current-limiting resistor employed shall have a resistance 
value within ±10 percent of the calculated value (/i). However, i2 need not 
exceed 2 M£2. 

During this period, capacitors shall be naonitored continuously for 
naomentary breakdown and long periods of low insulation resistance by 
means of a fault-count monitoring circuit similar to the typical monitoring 
circuit shown in Fig. 14 and meeting the requirements outlined therein. 
After the specified monitoring period, capacitors shall be returned to 
standard test conditions and insulation resistance and capacitance shall be 
measured. 

D-1.2 Requirements 

D-1.2.1 Breakdown — The total number of counts registered on the 
'Momentary- breakdown counter' shall not exceed 6 C or 1, whichever is 
greater ( where C is the nominal capacitance in fxF of the specimen ). The 
total number of counts for any single capacitor in a 24-hours period shall 
not exceed 4 C or 1, whichever is greater. 

D-1.2.2 Period of Low Insulation Resistance — The period of low insula- 
tion resistance shall not exceed 2 minutes for any specimen tested, as 
recorded by the 'Insulation Resistor Monitor'. 

D-1.2.3 The insulation resistance (terminal-to-terminal and terminal-to- 
case) shall be measured and it shall be as specified in the relevant specifica- 
tion. The capacitance shall be measured and it shall not change more than 
10 percent unless otherwise specified. 
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Z « arc suppressor; M - counter; D5I, D52 = lamp; K\ « relay; Kl « thermal relay; and 
PS «~ power supply. 
Note — All resistors consuming \W ^ ^ percent, except as noted {WW - wircwound). 

Fig. 14. Typical Monitoring Circuit For Self-Heating Test 
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D-2. MONITOMNG CIRCUIT 

D-2*l The monitoring circuit shall have the capability of detecting and 
recording periods of low insulation resistance of at least 2 minutes and 
simulated breakdown pulses of the following parameters: 

a) Pulse width 3 ms, Max 

b) Amplitude 5'0 volts. Max 

c) Repetition rate 15 pulses per second ( pps ), Min 

Fault-count monitoring circuit caUbration shall be accomplished 
periodically by using a calibration standard having a minimum output 
impedance of oOu designed to accurately produce a series of signals 
meeting the above parameters. 

D-3. OPERATING INSTRUCTIONS 

D-3*l Equipmeni 

D-3,1.1 Indicator Station Panel Capacitors 

a) Momentary breakdown counter: 

1) Electromechanical counter, and 

2) *COUNT BIAS' control. 

b) LOW IR detector: 

1) IR red lamp, 

2) IR BIAS control, and 

D-3.1.2 Test Voltage Power Supply — See power supply manual for the 
specific power supply used. 

D-3.1.3 Indicator Power Supply — *ON/OFF' switch, pilot Ught, fuse, 

D-3,2 AdjiH^tmeuts — The following adjustments may be necessary for the 
test. 

D-3,2,1 Momentary Breakdown Counter — *COUNT BIAS' control. 

D-3.2,2 Low IR Detector 

a) Jixv -L»x^T.u ^.^ujuiiui, axiu 

b) Time-delay control. 
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D-3.3 Adjustment Procedure — The adjustment procedures specified 
in D-3.3.1 and D-3.3.2 shall be adopted prior to each test. 

D-3.3.1 Momentary Breakdown Counters 

a) Turn on indicator power supply: allow 3-minute warm up timt, 

b) Install test capacitor current-limiting resistor R ( calculated by the 
formula shown in D-1.1 ). 

c) Apply positive-going pulses having parameters as specified 
in D-2.1 across resistor K 

d) Adjust the 'COUNT BIAS' counter responds to every pulse ±3 
percent: 

1) There is a time delay of a few seconds in the adjustment of 
the bias. A minimum of 5 seconds should be allowed between 
adjustments. 

2) Extreme counter clockwise rotation of this control will cause 
the circuit to oscillate and the counter will indicate between 
two numbers. To stop this oscillation, rotate the control 
clockwise until the counter releases. 

e) After the counters have been adjusted to respond to each pulse 
as specified in (c), apply pulses which are 80 percent ± 3 percent 
of the amplitude of the pulses specified in (c). 

f) Adjust the 'COUNT BIAS' control so that none of the counters 
respond to the pulse specified in (e). 

g) Recheck (c) to (f). 

D-3.3,2 Low IR Detectors 

a) Apply the calculated low IR detection voltage across the resistor 
{R) of D-3-3.1(b) Low IR detection voltage is calculated by use 
of the following formula : 

^'^R+RMinE 
where 

K=low IR detection voltage, 
£'=test voltage, 

i?= current-limiting resistance in ohms =^-7^ , and 

Cfarad 

R Af/rt=The minimum allowable test temperature insulation 
resistance as applicable. 
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b) Adjust the 'IR BIAS' control until one element of the IR* lamp 
indicates: 

1) Remove the voltage specified in (a) from each detector as soon 
as possible after adjustment. 

2) If the adjustment of a detector takes longer than 2 minutes, 
the time-delay circuit may lock the *IR* lamp on after removal 
of the voltage. To reset this circuit, turn off the indicator 
power supply for at least 1 minute; set-up may be continued 
after 1 minute warm up. 

3) Time-delay circuits: 

i) The time-delay control {see D-3.L1 ) adjusts the low IR 
detection period. The TR' lamp shall be off prior to 
adjustment of this control. 

ii) Apply voltage of (a) under low IR detectors 1o each 
detector. 

iii) Record elapsed time from application of voltage to second 
*IR' lamp element indication for each detector. 

iv) Turn off indicator power supply and allow 5 minutes for 
resetting of low IR circuits. 

v) Adjust time-delay control to 90 percent of specified time; 
clockwise to increase the time and cotmter clockwise to 
decrease the time. 

vi) Turn on indicator power supply and recheck to ensure that 
the operating time does not exceed specified time. 

D-3, Test Procedure 

a) Install test capacitors. 

b) Turn on indicator and test voltage power supplies. 

c) Allow 5-minute warm up time. 

d) Set test voltage to value specified. 

e) Turn electromechanical counters to zero by pressing reset button. 

D-4. CALIBRATION INSTRUCTIONS 
D-4.1 Equipment 

a) Counter pulse standard, and 

b) Microvoltmeter standard. 
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D-4.2 Calibration 

a) Observe operating instructions ( see D-3.1 and D-3.2 ). 

b) Momentary breakdown counters: 

1) Turn on indicator power supply; allow 30-minute warmup time. 

2) Install 100 kQ, IW consuming resistor into test clips. 

3) Apply positive-going pulses of 5V ± 2 percent magnitude 
3 ms ± 10 percent in width and at a repetition rate of 
15 pps ± 10 percent cycle line tolerance across the 100 ka 
resistor. 

4) Adjust the *COUNT BIAS' control until the counter responds 
to every pulse ± 3 percent: 

See D.3.3,l(d). 

5) After the counters have been adjusted to respond to each pulse 
as specified in (3), apply pulses which are 4 V ± 2 percent in 
magnitude and with the pulse width and repetition rate of (3). 

6) Adjust the *COUNT BIAS' control so that none of the 
counters respond to the pulses of (5). 

7) Recheck (3) through (6). 

c) Low IR detectors: 

1) Apply 0-5Vdc ± 1 percent across the 100 k n resistor in (b)(2). 

2) Adjust the 'IR BIAS' control until one element of the *IR' 
lamp indicates. 

3) 5eeD-.3.3.2 (b)(1) and (2). 

d) Time-delay circuits. 

1) See D-3.3.2(b)(2) of operating instructions. 

2) Apply voltage of D-4.2(c)(l) to each detector. 

3) Record elapsed time from application of voltage to second 
*IR' lamp element indication for each detector. 

4) Turn off indicator power supply and allow 5 minutes for 
resetting of low IR circuits. 

5) Adjust time-delay control to 1*8 minutes; clockwise to increase 
the time counter clockwise to decrease the time. 

6) Turn on indicator power supply and re-check (3) through (5) 
to ensure operating time does not exceed 2 minutes. 
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APPENDIX E 

( Clause 8.4.8 ) 

SHOCK TEST 



the structural integrity and 
subjected to non-repetitive 



E-1. OBJECT 

E-1.1 The object of this test is to determine 
performance of capacitors when they are 
mechanical shocks. 

E-2. TEST EQUIPMENT 

E-2.1 When the shock test machine and the associated fixtures are loaded 
with the capacitor, the applied shocks shall, at the monitoring point, have 
any of the characteristics specified in C-2.2. 

E-2,2 The shock test machine shall be capable of generating a pulse 
approximating to one of the following nominal acceleration versus time 
curves: 

a ) Final peak saw tooth curve which is an asymmetrical triangle 
with a short fall time as shown by the dotted line in Fig. 15. 

-REFERENCE LINE 
.CORRESPONDING TO 
IPRE-PULSE CONDITIONS 




0-2 A 



0-2 A 



,^MINIMUM TIME DURING WHtCH THE_^ 
/^ PULSE SHOULD BE MONITORED 

nominal pulse 

tolerance boundaries 

D «s duration of nominal pulse 

A = peak acceleration of nominal pulse 

The reference line shall not differ more than 0*05^ or 9*80 ( ± 0'98 ) m/s' or 
( 10 ± 1 g ) , whichever is the greater, from zero acceleration. 

Fig. 15 Final-Peak Saw-Tooth Pulse 
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b ) Half-sine curve which is one half cycle of a sine wave as shown 
by the dotted line in Fig. 16. 

c ) Trapezoidal curve with short rise and fall times as shown by the 
dotted line in Fig. 17. 

E-2.3 The true value of the actual shock pulse shall be within the 
tolerances shown by the solid lines in Fig. 15, 16 and 17. 



REFEREI^CE LINE 
CORRESPONDING TO 
PRE- PULSE CONDITIONS 




^^MINIMUM TIME DURING WHICH THE 
"^PULSE SHOULD BE MONITORED " 



0-2 A 



nominal pulse 
tolerance boundaries 



D = duration of nominal pulse 

A — peak acceleration of nominal pulse 

The reference line shall not differ more than 0'05^ or 9-80 ( ± 0*98 ) m/s« or 
( 10 ± 1 g ), whichever is the greater, from zero acceleration. 

Fig. 16 Half-Sine Pulse 



E-2.4 For all pulse shapes, the actual velocity change should be within 
± 10 percent of the value corresponding to the nominal pulse. To deter- 
mine the velocity change, the actual pulse should be integrated from 0. 
D before the pulse to 0*1 D beyond Ihe pulse, where D is the duration of 
the nominal pulse ( see Fig. 15, 16 and 17 ). 

E-2.5 The positive or negative peak acceleration at the monitoring point 
perpendicular to the intended shock direction, shall not exceed at any time 
30 percent of the value of peak acceleration of nominal pulse in the inten- 
ded direction, when determined with a measuring system conforming to 
E-2.6 to E-2.8. 
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ReFEREMCe LIME 
CORRESPONDING TO 
PRE-PULSE CONDITIONS 




^-0*2 A 



MINIMUM TIME DURING WHICH THE 
fpULSE SHOULD BE MONiTORED 



.„.,, nominal pulse 

tolerance boundaries 

D mm duration of nominal pulse. 

A — peak acceleration of nominal pulse 

The reference line shall not differ more than 0*05^ or 9-8 { ± 0*98 ) m/s« or 
{ 10 ± I g )j whichever is the greater, from zero acceleration. 

Fig. 17 Trapezoidal Pulse 



E-2.6 The shock pulse shall be measured by an accelerometer placed the 
monitoring point. This point shall be the capacitor fixing point nearest to 
the centre of the table surface imless there is a fixing point having a more 
rigid connection to the table, in which case, the latter point shall be chosen. 

E-l.t The accuracy of the measuring system shall be such that it can 
determine the true value of acceleration within the given tolerance. 

E-2.8 The frequency response of the overall measuring system, including 
the accelerometer, shall be within the limits shown in Fig. 18. 

Note ■ — When it is necessary to employ filters to reduce the effect of any high 
frequency resonance inherent in the accelerometer, it may be necessary to examine 
the amplitude and phase characteristics of the measuring system in order to avoid 
distortion of reproduced waveform. 

E.3. TEST PROCEDURE 

E-3.1 Mounting of Capacitors 

E-3,1.1 The capacitor shall be secured to the shock test machine either 
directly or by means of a fixture as specified in E-3,1,2 to E-3.1.7. 

E-3.1.2 Mounting fixtures shall be such as to subject the capacitors to 
shocks in each plane and sense. 

56 






OdBH 
-IdB 



"10 dB 



\\\\\XSS\\\\\\\\\\\X\\S\V\\X\\\VNN^| 



4 Hz 15 Hz 



D^loms 




1Hz 



AHz 



16 Hz 




0>3ms 

D>3ms 



2A dB /OCTAVE 



5kHz 15kHz 40kHz 
25kHz 



*- FREQUENCY 



L uration of Pulse 
ms 


Low 


'Frequency Cut-Off 
Hz 




— IdB 




— lOdB 


<3 


16 




4 


3 


16 




4 


3</)<i8 


4 




1 



High- Frequency Frequency Beyond Which 

Cut-Off the Response may Riic Above 

kHz f 1 dB 

— 1 dB (kHz) 

15 40 

5 25 

5 25 



W3 



Fig. 18 Frequency Characteristics of the Measuring System 



£ 



IS : 7305 . 1984 

E-3,1.3 Capacitor having a unique method of mounting shall be so 
mounted. 

E-3.1.4 The mounting of capacitors not provided with imique means of 
mounting shall be such that the test conditions applied should dynamically 
load the body or terminations. Either the body and the leads or the leads 
only may be clamped as specified by the relevant capacitor specification. 

E-34.5 Capacitors with axial terminations weighing less than 15 g shall 
be secured to rigid pillars leaving 5 to 8 mm between the point of emer- 
gence of the leads and the pillars. Similar capacitors weighing 15 g and 
more shall be clamped so as to avoid any stress on the leads. 

E-3,1.6 Capacitors with radial terminations and capacitors having \m- 
usual mass distribution shall be mounted as specified in the relevant 
. capacitor specifications. 

E-3.1.7 External connections made to the capacitor for power supply 
and measurements shall add a minimum of mass and place a minimum 
restraint on the capacitor. 

E-3.L8 The relevant capacitor specification shall state whether the 
gravitational force is important. In case it is important, the capacitor shall 
be so mounted tTiat the gravitational force acts in the same directions as it 
would in service use. Where the effect of gravitational force is not impor- 
tant, the capacitor may be mounted in any plane or sense. 

E-3.2 Testing 

E-3.2.1 A shock severity for a selected pulse shape ( see E-2.2 ) shall be 
given by the combination of the peak acceleration and the duration of the 
nominal pulse. The relevant capacitor specification shall choose the appro- 
priate severity from those listed in Table 4. 









TABLE 4 SHOCK SEVERITIES 
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E-3.2.2 The half-sine pulse shape shall be the preferred pulse shape 
unless otherwise specified in the relevant capacitor specification. 

E-3,2.3 The capacitors mounted as described in E-3.1 and electrically 
loaded if so required by the relevant capacitor specification shall be sub- 
jected to three successive shocks of appropriate severity in both the senses 
in each of the three mutually perpendicular planes so chosen that the faults 
are most Ukely to be revealed ( that is, a total of 18 shocks ). 

E-4. INFORMATION TO BE GIVEN IN THE RELEVANT 
CAPACITOR SPECIFICATION 

E-4.1 The following information shall be given in the capacitor speci- 
fication: 

a) Preconditioning, if any; 

b) Initial measurements; 

c) The appropriate shock severity; 

d) The pulse shape, of other than half-sine; 

e) Whether gravitational force is important {see E-3.1.8); 

f) Any special mounting requirements {see3A)\ 

g) The details of electrical loading ( see 3.2.3 ); 
h) Intermediate measurements and time intervals; 
j) Final measurements; 

k) Acceptable performance limits; and 
m) Any dieviation from the normal test procedure. 



APPENDIX F 

( Clause 8.4.9 ) 

ACCELERATION TEST 

F-1. OBJECT 

F-1.1 The object of this test is to determine the structural suitability and 
satisfactory performance of capacitors during and after subject to a steady 
state acceleration. 
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F-2. TEST EQUIPMENT 

F-2.1 The specified acceleration shall be applied by means of a suitable 
centrifuge. If the capacitors are sensitive to gyroscopic couples, the rele- 
vant capacitor specification shall specify the required acceleration conditions 
that should be reaHsed using a machine capable of imparting linear accele- 
ration to the capacitors. 

F-3. TEST PROCEDURE 

F-3.1 Mounting of Capacitors 

F-3.1.1 The capacitors shall be secured to the centrifuges either directly 
or by means of a fixture as specified in F-3.1.2 to F-3.1.7. 

F-3.1,2 Moxmting fixtures shall be such as to subject the capacitors to 
acceleration in each plane and sense as specified. 

F-3.1.3 Capacitors having a unique method of moimting shall be so 
mounted that for severities 10 000 to 20 000 g suitable protection is provid- 
ed for capacitor terminations. 

F-3.1.4 The mounting of capacitors not provided with unique means of 
mounting shall be such that the test conditions applied should dynamically 
load the body and/or terminations. Either the body and the termination 
or the terminations only may be clamped as specified by the relevant capa- 
citor specification. 

F-3,1,5 Capacitors with axial terminations weighing less than 15 g shall 
be secured to rigid pillars leaving 5 to 8 mm between the point of emergence 
of the terminations and pillars. Similar capacitors weighing 15 g and more 
shall be clamped so as to avoid any stress on the terminations. 

F-3.1.6 Capacitors with radial terminations and capacitors having un- 
usual mass distribution shall be moimted as specified in the relevant 
capacitor specification. 

F-3.1.7 External connections made to the capacitors for power supply 
and measurements shall add minimum of mass and place minimum of 
restraint on the capacitor. 

F-3.2 Testing 

F-3.2.1 The relevant capacitor specification shall indicate the applicable 
acceleration severity chosen from the values given as follows: 
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5"/ No. Acceleration 

1 17 

2 50 

3 100 

4 Under consideration 

5 10 000 

6 20000 

F-3*2.2 The specified acceleration-severity shall be applied to the capa- 
citors in both senses in each of the three mutually perpendicular planes, 
unless otherwise specified by the relevant capacitor specification. 

F-3.2.3 For severities at SI No. 1, 2, 3 and 4 in F-3.2.1 the duration of the 
acceleration in each sense shall be 5 minutes, so that the capacitors are 
accelerated for total period of 30 minutes. 

F-3.2.4 For severities at SI No. 5 and 6 in F-3,2.1 the duration of the 
acceleration in each sense shall be one minute so that the capacitors are 
accelerated for a total period of 6 minutes. For these two severities, the 
rise and decay times of the acceleration shall each be not less than 20 
seconds. 

r-3,2,5 The acceleration measured at any point on the capacitor shall be 
within 15 percent of the specified value unless otherwise specified. 

F-3.2,6 During the test, capacitors shall be loaded and/or operated and 
measured, if so specified by the relevant capacitor specification. 

F-33 Recovery — The capacitors shall then be allowed to remain xmder 
recovery conditions for a period of 1 to 2 hours or as specified by the 
relevant capacitor specification. 

F-4* INFORMATION TO BE GIVEN IN THE RELEVANT 
CAPACITOR SPECIFICATION 

F-4.1 The following information shall be included in the capacitor specifica- 
tion: 

a) Preconditioning, if any; 

b) Initial measurements; 

c) Detail of test equipment if other than a centrifuge ( see F-2,1 ); 

d) Any special mounting requirements ( see F-3.1,2 ); 

e) The applicable severity ( see F-3*2.1 ); 
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f) Details of electrical loading ( see F-3.2.6 ); 

g) Intermediate measurements and time intervals; 
h) Period of recovery, if other than 1 to 2 hours; 
j) Final measurements; 

k) Acceptable performance limits; and 

m) Any deviation from the normal test procedure. 

APPENDIX G 

{Clause A-4(e)) 

PULSE TESTING OF CAPACITORS 

G-1. INTRODUCTION 

G-1,1 The normal test methods are suitable for capacitors operating in 
the electric circuits in which the applied voltage is predominantly dc. 
There is now an increasing number of applications in which the applied 
voltage is in the form of pulse with or without a reversal of polarity. 
These pulses may be continuous, intermittent, or random in occurrence. 

G-1.2 This standard sets down the factors affecting pulse ratings and the 
way in which these ratings may be checked by appropriate endurance tests. 
The parameters of a pulse are defined. Different combinations of these 
parameters can give rise to different mechanisms of failure as follows: 



Type 

Electrolytic 

Metallised types 



All other 



Surge voltage exceeded 
Reverse voltages exceeded 
Overheating (/« K) 
Peak current 

_dv^ 
dr 

Overheating (/^ R) 
lonisation 
dv 
d/ 
Overheating (/* K) 
Excess peak voltage 
lonisation 



Surge voltage 
Reverse voltage 
Pulse or ac 

Charge/Discharge (Inter- 
mittent) 

pulse 

Pulse or ac 
ac 

Pulse 

Pulse or ac 
Surge 
ac 
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G.2. TYPICAL CAPACITOR PULSE CONDITIONS 

G-2.1 The figures listed below for typical applications show that test 
specifications requiring 100 000 or I million pulses correspond to lives of 
only 5 to 50 seconds. 

G-2.2 It will not be possible to produce one circuit which will reproduce 
all of the required conditions. It is likely, however, that circuits can be 
produced which will reproduce various groups of conditions. It does not 
appear possible at the present time to accelerate the conditions to corres- 
pond, for example, with a 5 year life. 

G-2.2.1 Examples for TV Applications 

Sl-Correction : Typical peak voltages: 25, 50, 180 V 
Typical peak currents : 5 to 15 A 

— -p- about 5 F/|iS 

frequency; 15 to 20 kHz 
FAr up to 250 VA 

Line tuning: Typical peak voltages : up to 1 500 V 

Typical peak currents 5 A 

i^ 180 F/jxs 

dt 

Multiplier capacitors: Typical peak voltages 10 kV dc with ripple 
Typical peak current 0*1 A 

4^ up to 1 000 V/pis 

at 

G-2.2.2 Examples for Power Electronics 

Typical peak voltage: 60 to 100 V 
Typical peak currents: 40 to 100 A 

^ from 1 to 20 V//xs 

frequencies 50 Hz to 20 kHz 

VA^ up to 500 VA 
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G-2*2.3 Examples for dC'dc-converters 

Typical peak voltage 30 V 

Typical peak citrrent * 6 A 

-— 600 V/fAS 

G-2,2,4 Examples for Lasers and Pulse Light Sources 

Typical peak voltages 1 to 3 kV 

Typical peak currents 1 000 A 

-^ about 500 V//US 

Frequencies I to 5 kHz 

G-3, EFFECT OF INDUCTANCE ON PULSE TESTING 

G-3.1 Proposed pulse test methods are likely to consist of test circuits 
involving repetitive charge and discharge of capacitors in resistive circuits 
This will result in conventional exponential current and voltage character- 
istics. In many applications, however, inductive eflFects are of consider- 
able importance and have a major influence on the suitability of the capa- 
citor for the application* These are particularly important at high values 

of —7— '. If the conditions for critical damping exist i R^ ^ A —^ ) ^he 

efiect is a minor modification of the shape of the charge or discharge curve 
^hich will have little effect on the severity of the test. If, however 

^2 <^ 4 there can be overshoot with or without damped oscillations. 

These can result in overstress and increased power dissipation. 

Note — C is capacitance and L is inductance. 
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BH OPAL 462003 

22EKalpsna Area, BHUBAI^ESHWAR 751014 6 36 27 

5^8-56C L K. G jpta Marg, HYDERAflAD 500001 22 10 63 

R14 Vudhiitar Mary, C Scheme, JAIPUR 302005 6 98 32 

117/419 B Sarvodava Nagar KANPUR 208005 4 72 92 

P&tlipUTra Industrial Estaie, PATNA 800013 6 23 OS 

Hantsx BIdg f 2nd Floor), RIy Station Hoad. 32 27 
TR IVAN DRUM 69S001 

fiispscthfj Offfcs ( yVith Sale Pomt ): 

Instituiion of Engtna^ra (India) Build ing, 1 332 Shivaji^ Nagar 5 24 35 
PUNE 411 005 



■SaFflft Ofnce In Bombftf U at Novelty Clrambera, Grant Road, 89 65 29 



1 5altis OfHcti In Cfilciitta la dl 5 Chowrlnghfle Appraach, P. Q. Prlnuip E7 <& 00 
Str««tp Cakuttu lHQUti 



^ln|4d at Dtlhl Prlnl»r«, OettilH India 



